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Abstract 
Just-In-Time (JIT) is a cost-effective philosophy, that was first implemented by Japan's Toyota Motor Corporation. Once 
successfully implemented, the JIT concept has been widely applied by numerous firms in several areas of specialization. This 
paper demonstrates how the JIT concept can be implemented in urban freight transport. A franchise of convenience stores and 
its distribution and routing system is selected for implementation. Focusing on routing perspective, the JIT concept is more 
efficiently incorporated by extending time window constraints at franchising convenience stores and the underlying routing 
system can be characterized as the vehicle routing problem with soft time windows and simultaneous pickups and deliveries 
(VRPSTWSPD). Experimental results prove that the VRPSTWSPD is of particular characteristics, which can fully satisfy 
objectives of the JIT concept. Use of the VRPSTWSPD would lead to a reduction of cost and waste-in-processes as well as 
maintaining an acceptable level of satisfaction.    
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1. Introduction 
"Just-In-Time" or JIT has emerged due to the need to implement a cost-effective concept in the production 
system of Japan's Toyota Motor Corporation (Kaneko & Nojiri, 2008). The fundamental ideas behind the JIT 
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concept are to increase as much as possible the utilization of firm's assets and to get rid of the dispensable elements 
such as excess inventory, waste, overcapacity, and non-valuable activity, so as to minimize production cost, while 
also maximizing productivity (Ohno, 1988). Research on JIT has become widespread and its notion has been 
applied to several specialized areas including urban freight transport. 
Adoption of the JIT concept in urban freight transport results in punctual, reliable, and flexible service. Cost 
reduction as well as service maximization can be consequently achieved. Often, a small-but-frequent delivery is 
involved rather than a large-but-once delivery in the JIT implementation. (Benjamin, 1990; Chang & Chou, 2012; 
Chang, Wan, & Ooi, 2009; Storhagen & Hellberg, 1987). Under the JIT concept, the stakeholders involved are 
required to eliminate waste-in-process, where such waste can be defined by one of the following (Lai & Cheng, 
2009): 
x Whatever surpasses actual requirement. 
x Whatever generates unnecessarily additional expense. 
x Whatever is underutilized. 
x Whatever is non-valuable/non-profitable. 
x Whatever contributes to problems 
From a distributors or carriers view point, waste might include wrong delivery, untimely delivery, 
dissatisfaction of the receiver, damage of goods, and underutilization of resources, i.e. vehicle/manpower. From 
receiver or demander view point, additional expenses incurred due to the untimely service of the carrier such as 
inventory cost, labor cost, holding cost, and opportunity cost can be seen as waste. 
In this paper, an application of the JIT concept implemented in urban freight transport is demonstrated. More 
specifically, a franchise of convenience stores and one class of its distribution and routing systems is selected as an 
illustrative example for implementation. Implementation of the JIT concept takes into account various efficient 
tasks, yet the routing perspective has not been focused on. As far as routing is concerned, the JIT concept is more 
efficiently incorporated by extending time window constraints. This results consequently in a novel extension to 
the basic vehicle routing problem. Computational experiments illustrate that the proposed routing problem can 
fully satisfy the aims of the JIT concept including the reduction of costs, reduction of waste-in-process, and 
preserving an acceptable level of satisfaction.  
The organization of this paper is the following. Characteristics of convenience store, a selected class of 
distribution and routing system incorporating the JIT concept, and problem definition will be described in the next 
section, followed by the mathematical formulation of the problem of interest and a proposed solution approach for 
tackling the problem, respectively. Then, results and contributions will be underlined. Finally, conclusions will end 
the paper.    
2. Background 
2.1. Characteristics of convenience store 
By definition, a convenience store is a small retail store located at a conveniently accessible place, providing a 
broad range of goods and services including ready-to-eat meals, snacks, newspapers, magazines, beverages, bill 
payments, ATMs, photocopying, and etc. (Terasaka, 1998). Due to its advantageous nature, which is suitable for 
daily life, the convenience store industry has increasingly become important for people in urban areas.  
The convenience store industry has evolved approximately hundreds of years ago. At the beginning, all stores 
had been operated locally and individually. Each of them might be owned by a family and its intention was to 
serve people nearby with non-fluctuating demands. No connection existed among the stores. However, such kind 
of operation has eventually deteriorated due to unprofitability and inflexibility. Later, a franchise (or a chain) 
system, which attempts to operate several convenience stores under a single network, has been in turn established 
instead of the traditional operation. Success in the implementation of the franchise pattern has led to a significant 
growth of the convenience store industry ever since.   
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Incorporating a franchise system of convenience stores with the JIT concept, each franchising store, known as 
the demander, seeks to minimize waste-in-process. Preferable store size is relatively not large to avoid unnecessary 
expenses. All spaces are fully utilized. As a consequence, warehouse space is quite limited. Materials handling and 
inventory management must be efficiently controlled. Furthermore, some amenities such as a parking lot, 
backyard, and waiting room are probably not provided in some stores, especially ones located in dense areas. 
Operating hours of each franchising store might be up to 24 hours, where two or three shifts are composed of. 
During a shift work, only a few staff with multi-functioning skills are generally required (Ngaochay & Walsh, 
2011). 
2.2. The corresponding distribution and routing system 
One class of the distribution and routing systems of the convenience store chain is based on a centralized 
system, where all goods from suppliers (shippers) are delivered to franchising convenience stores via a distribution 
centre (hereafter referred to as depot). No direct delivery from supplier is allowed, rather delivery is made 
internally. Appearance of direct delivery from the supplier might lead to the shortage of merchandise as some 
factors are unmanageable. This class of distribution is implicitly equivalent to a cooperative delivery system (CDS, 
e.g. Qureshi & Hanaoka, 2006; Yamada, Taniguchi, & Itoh, 2001) as well. 
A central depot is a location where a fleet of equipped delivery vehicles is stationed, all merchandise is stored 
for deliveries, and a set of used/out-of-date items is preliminary kept for further processing. Each vehicle starts the 
day from the depot, then visits a subset of franchising convenience stores (hereafter referred to as customers) to 
give services, and returns to the depot again. All vehicles are operated under fixed capacities and fixed working 
hours. The service given to each customer is a bi-directional service in which the delivery of merchandise and the 
collection of unwanted items are simultaneously made. Under the JIT concept, each customer might specify a time-
interval (hereafter referred to as hard time window) to be serviced, so as to decrease waste-in-process. The request 
from each customer is usually the same pattern.  
However, it seems very difficult to strictly follow a customer's hard time windows. From a carriers point of 
view, additional waste-in-process may arise even though customer satisfaction is completely being preserved. For 
instance, resources are idle, i.e. waiting to service, in case a vehicle arrives too early. Extra costs might be 
generated if the waiting vehicle is parked at an appropriate place, i.e. due to parking fee, while traffic problems 
might also be generated if the vehicle is parked at an inappropriate place. Besides, a large number of vehicles are 
needed in the operation in order to prevent untimely services due to delays. Such requirement is absolutely not an 
efficient utilization. 
 
 
Fig. 1. Time window setting 
To minimize the waste-in-process as well as to maintain an acceptable level of satisfaction for both customer 
and carrier, the hard time window of the customer could rather be extended with appropriate penalties. The 
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resulting time window is illustrated in Fig. 1. Given a customer i, his hard time window and soft time window are 
represented by [ai,bi] and [a'i,b'i], respectively. If a vehicle arrives within the hard time window, the service must 
start as soon as possible with no penalty. Furthermore, the vehicle can visit and give service to the customer after 
his hard time window (but not later than b'i) with a delay penalty. On the other hand, when the vehicle arrives 
before the hard time window (not earlier than a'i), waiting with an early arrival penalty (waiting cost) is required; 
no service is permitted before ai. It is certainly impossible to visit the customer beyond [a'i,b'i] and no waiting is 
allowed if the vehicle arrives within the hard time window or later. 
Expression of a'i can be defined by taking into account a trade-off between the cost of the utilized vehicle and 
early arrival penalty. That is, the penalty is acceptable when it is not higher than the cost of having an additional 
vehicle. Otherwise, it is better to employ an additional vehicle to serve customer i. On the other hand, the value of 
b'i is taken as a minimum one of two associated values. The first value is obtained is similar to the expression of a'i. 
The second value is a negotiated value with the customer. Formulations of a'i and b'i will be given later in the next 
section. 
2.3. Problem of interest 
The routing problem described in the subsection above can be addressed as the vehicle routing problem with 
soft time windows and simultaneous pickups and deliveries (VRPSTWSPD). The VRPSTWSPD is a novel 
extension to the vehicle routing problem (VRP) (e.g. Laporte, 2009; Taniguchi, Thompson, Yamada & van Duin, 
2001), where it combines characteristics of two existing variants in the VRP family, i.e. the vehicle routing 
problem with soft time windows (VRPSTW) (e.g. Figliozzi, 2010; Hashimoto, Ibaraki, Imahori & Yagiura, 2006; 
Liberatore, Righini, & Salani, 2011; Tagmouti, Gendreau, & Potvin, 2007; Taniguchi & Shimamoto, 2004; 
Qureshi, Taniguchi, & Yamada, 2009, 2010), and the vehicle routing problem with simultaneous pickups and 
deliveries (VRPSPD) (e.g. Ai & Kachitvichyanukul, 2009; Bianchessi & Righini, 2007; Dell' Amico, Righini, & 
Salani, 2006; Dethloff, 2001; Min, 1989; Subramanian, Drummond, Bentes, Ochi & Farias, 2010). All the VRP, 
the VRPSTW, and the VRPSPD are obviously NP-hard, so is the VRPSTWSPD. The aim of the VRPSTWSPD is 
to search for a set of feasible routes, each of which is covered by a single delivery vehicle, to complete all customer 
demands and to satisfy objectives of the JIT concept including minimization of cost, minimization of waste-in-
process, and maintaining an acceptable level of satisfaction. Note that the terms, "vehicle" and "route" will further 
be used interchangeably for the rest of paper. 
3. Mathematical Model 
The mathematical model of the VRPSTWSPD is generalized from the VRPSPD model (Ai & 
Kachitvichyanukul, 2009) and the VRPSTW model (Qureshi, Taniguchi, & Yamada, 2009). The VRPSTWSPD 
model presented in this paper is static and deterministic so that all values are constant and known beforehand. 
Also, uncertainties are ignored. Notation used throughout this paper and model formulation are given below. 
3.1. Notation 
Sets 
 
K:   Set of homogeneous delivery vehicles 
C:   Set of customers  
V:   Set of all vertices including a depot and customer set, V={0} C 
A:   Set of all feasible arcs (i,j), i,jV and iĮj  
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Parameters 
 
cij:   Integer travel cost on arc (i,j)A 
sti:   Duration of service at vertex iC (st0=0) 
tij:    Integer travel time on arc (i,j)A, where tij = cij + sti 
ui:    Non-negative integer pickup demand at vertex iC (u0=0) 
di:    Non-negative integer delivery demand at vertex iC (d0=0) 
Q:    Fixed capacity of vehicle kK  
fc:    Fixed cost of vehicle kK, representing together its daily operating cost, labor cost, and maintenance cost. 
Note that fc can be incorporated by adding it to c0j, jC.   
pjk:   Arrival time of vehicle kK at vertex jV, where p0k rather implies arrival time of vehicle kK when 
returning to terminal depot    
ce:    Early arrival penalty  
cl:    Late arrival penalty  
nei:  The maximum delay of service start time with late penalty obtained by negotiating with customer iC 
M:    A large value 
[a0,b0]:    Depot time window 
[ai,bi]:     Hard time window at vertex iC 
[a'i,b'i]:   Soft time window at vertex iC, where 
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Decision variables 
 
xijk:   Binary arc flow variable equals one if vehicle kK traverses arc (i,j)A and zero otherwise  
yijk:   Integer variable indicating loading flow on arc (i,j)A of vehicle kK 
sjk:    Non-negative time variable indicating service start time of vehicle kK at vertex jC   
lk:     Non-negative time variable indicating departure time from depot of vehicle kK  
3.2. Model formulation (3-index vehicle flow model) 
Based on problem definition, time-dependent arrival penalty, i.e. both early and late, must be included in the 
travel cost when untimely an arrival of vehicle arises. Therefore, the modified travel cost taking into account 
penalty c'ij on arc (i,j)A can be expressed in equation (1). Furthermore, variable sjk, which is particularly 
conditional to pjk, can also be expressed as equation (2). Note that a'0, b'0, and s0k are all not defined. The objective 
function as well as all constraints in the VRPSTWSPD model are given from equations (3) through (14). 
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Equation (3) is the objective function, seeking to minimize overall distribution costs. Equation (4) are 
assignment constraints, indicating that each customer is visited exactly once. Equations (5)-(7) are flow 
conservation constraints. They specify that vehicle kK must start from and return to the depot. If vehicle kK 
travels to an intermediate vertex hC, the vehicle should leave from that vertex. Equation (8) are scheduling 
constraints, where the service at vertex jC cannot start earlier than the service at vertex iC in case vehicle k
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K travels from i to j. Equation (9) impose capacity constraints on arc (i,j)A. Equation (10) are accumulated 
loading of vehicle kK at the originating depot, which combines the delivery requests of all customers assigned to 
vehicle kK. Equation (11) are loading flow conservation constraints, indicating the loading of vehicle kK after 
serving vertex jC. Equations (12) indicates that the starting time of service at vertex iC by vehicle kK is 
feasible only within [ai,b'i]; no service is allowed before ai. Equation (13) implies that vehicle kK must leave the 
depot at a0 or later. Since early penalty is taken into consideration, it is not necessary to depart as soon as possible, 
i.e. at a0. Equation (14) are binary requirements on xijk.    
4. Solution Approach 
As a result of the NP problem of the VRPSTWSPD, use of metaheuristics is more favourable. In this paper, a 
genetic algorithm (GA) is employed. The GA has been widely applied to solve several variants in the VRP family 
(see e.g. Alvarenga, Mateus, & de Tomi, 2007; Ando & Taniguchi, 2006; Braysy & Gendreau, 2005; Taniguchi & 
Kakimoto, 2003; Wang & Chen, 2012). Some refinements of the proposed GA could be described as follows. At 
each generation (iteration) of the proposed GA, all routes are primarily forced to depart from the depot as soon as 
possible. The optimal departure time from the depot, which is one of the decision variables as per equation (13), is 
not yet considered at the beginning and will be optimally determined at the end of each generation. Given a vehicle 
kK and a prospective first customer of route rC, an "as soon as possible" departure time is taken as max(a0,ar-
t0r), where waiting at rC is not always allowed.  
As a consequence of starting the route as soon as possible, penalties due to the unpunctual arrival as per 
equation (1) are temporarily disregarded. That is to say, violating the hard time window of customer iC within 
[a'i,b'i] is still feasible without taking into account penalties. In addition, for the sake of diversity of the algorithm, 
violating a customer's soft time window (beyond [a'i,b'i]) due to arrival before a'i is also possible with taking M 
into travel cost. Given that a vehicle kK traverses arc (i,j)A leading to an arrival at jC before a'j, i.e. a'j - pjk 
>0, then the travel cost involved is computed as cij+M(a'j-pjk).  
At the end of each generation, the departure time from the depot of the route must optimally be determined and 
penalties as per equation (1) are then active. Given the first customer rC of vehicle kK, all possible departure 
times in range [(max(a0,ar-t0r)),(b'r-t0r)] are concerned, and the one that leads to the minimization of overall costs 
of the route taking into consideration travel costs, fixed cost of vehicle, and penalties is then selected as an optimal 
departure time of the route. 
The proposed GA consists of several operators, which can be summarized as follows. 
1. Solution (individual) representation: Each individual in the GA's population is represented by a two-row 
representation, as illustrated in Fig. 2. The first row (called chromosome) is an integer string of size |C|, 
excluding depot. The second row specifies a set of assigned vehicles. For instance, vehicle no. 1 leaves the 
depot for customer no. 6, 2, and 3, respectively, before returning to the depot.    
2. Construction algorithm: Half of the initial population is generated using an insertion heuristic of Dethloff 
(2001), incorporating the residual capacity criterion ( RC\ ) and additional soft time window constraints. 
Another half of the initial population is obtained by means of a greedy algorithm with reinsertion of single 
customer routes.  
3. Fitness value: The fitness value of each individual is an inverse of the overall costs of all corresponding routes 
(including fixed vehicle costs, travel costs, and penalties), where such costs rely on the optimal departure times. 
4. Selection: A tournament selection of Ghoseiri & Ghannadpour (2010) is employed to select a set of candidate 
parents. 
5. Crossover: The best cost route crossover (BCRC) of Ombuki, Ross, & Hanshar (2006) is employed for mating 
parent individuals. A pair of parents can produce two offspring, which become candidates of the new 
population. 
6. Mutation: A similar customer exchange and a random customer migration of Alvarenga, Mateus, & de Tomi 
(2007) are called to break the current pattern of offspring individuals. Both strategies are equally likely to be 
called.         
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7.  Intensification: A 2-opt* strategy (Potvin & Rousseau, 1995) is used to intensify offspring individuals. 
8. Replacement and elitism: A set of offspring generated is finally set to be a set of individuals in the new 
population. However, to avoid the deterioration of the solution quality, a predefined number of the worst 
individuals (lowest fitness values) in the new population is directly replaced by the best individuals (highest 
fitness values) found in the previous population.    
Chromosome 6 2 3 1 4 8 5 10 7 9 
Vehicle reference 1 1 1 2 2 2 2 3 4 4 
Fig. 2. Individual representation of an instance with 10 customers 
The proposed GA executes for a fixed number of generations. Also, the proposed GA can prematurely terminate 
if its stopping criteria are met. Stopping criteria as well as parameters used in the proposed GA can be shown in 
Table 1. After the termination of the proposed GA, the best individual produced over the entire search is taken, 
thus providing the (nearly) optimal solution. 
            Table 1. Parameters used in the proposed GA 
Size of population 100 
Maximum number of iterations 200 
Crossover rate 0.8 
Mutation rate 0.2 
Intensification rate 0.3 
Elitism rate  0.02 
Early terminating condition When 20 consecutive populations give the same best 
individuals found. 
Performances on each instance  10 times 
5. Experimental Results 
In the following, we describe our experiments, which were conducted on test instances. All experiments were 
performed on an Intel Core i7 CPU, 2.67 GHz processor, and 4 GB of memory. All codes were implemented in 
MATLAB (R2009a). 
Test instances were particularly derived from actual road networks in Tokyo and Osaka. All scattered locations, 
i.e. a depot and a set of customers, of the Tokyo network (38 customers) and Osaka network (24 customers) are 
illustrated in Fig. 3 and Fig. 4, respectively. Each network is supplied by a single depot. These two depots were 
assumed to have unlimited capacities. Depot time windows of both networks were fixed at 12 hours, i.e. from 6.00 
am to 6.00 pm. However, the first three working hours of the day were maintenance and loading times, hence all 
vehicles were able to depart starting from 9.00 am. In particular, delivery and pickup requests to all customers were 
randomly generated between the interval [0,90] kg. Customer's hard time windows were also randomly generated 
with the width of 30 minutes. Customer's soft time windows were extended based on formulations presented 
above. The duration of service at each customer was fixed at 15 minutes. Vehicle capacity was fixed at 200 kg. 
Since integer travel cost was incorporated, the actual travel cost was rounded down to the nearest integer if 
fractional. Based on surveys of some logistics firms in Japan (Qureshi, Taniguchi, & Yamada, 2009), vehicle 
operating cost (VOC) was taken as 14.02 yen/minute and daily fixed vehicle cost was taken as 10417.5 
yen/vehicle. However, for the sake of simplicity, the VOC was scaled to 1 yen/minute, i.e. considering the case 
when one unit of travel cost = one unit of travel time. Therefore, the daily fixed vehicle cost was also converted to 
the same level, i.e. 743 yen/vehicle. Generally, coefficients of penalties might vary from one customer to the next 
depending on the importance and criticality, yet the study on extractions of appropriate coefficients goes beyond 
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the scope of this paper. Early penalty and late penalty were thus assumed to three times and five times of the VOC, 
respectively, and both penalties were constant for all customers. For nei, iC, it was randomly generated between 
the range [bi,bi+30].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Scattered locations in Tokyo network (Qureshi, Taniguchi, & Yamada, 2009) 
 
Depot 
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Fig. 4. Scattered locations in Osaka network (Ando, Taniguchi, Yamada & Oka, 2008) 
To signify superiority of the VRPSTWSPD in the JIT implementation, its obtained solutions were compared to 
those of similarly related routing problem. Such similarly related problems always treat time window constraints in 
a hard environment, i.e. time windows are never extended. Indeed, a delivery vehicle has to wait at no cost at 
customer location until the opening of a hard time window in case of early arrival. Furthermore, a late penalty is 
considered to be very high, i.e.f , so that late delivery is also never allowed (see Fig. 5 for illustration). This type 
of time window setting is typically found in the VRP literature and also found in the common operation of 
franchising convenience stores. To solve the similarly related problem, the proposed GA with same parameter 
settings was employed. However, customer’s hard time windows were not extended in the similarly related 
problem.  
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Fig. 5. Hard time window constraint 
         Table 2. Detailed solutions of the VRPSTWSPD and the similarly related problem 
Instance  Problem 
considered 
Cost 
(Yen) 
K Early arrival 
time  
(min) 
Late arrival 
time  
(min) 
Operating 
time 
(min) 
Travel 
cost 
(Yen) 
 
 
 
Tokyo 
 
 
 Similarly 
related 
problem 
VRPSTWSPD 
7886 
 
 
7396 
9 
 
 
8 
475 
 
 
27 
0 
 
 
13 
2244 
 
 
1903 
1199 
 
 
1306 
  Improvementa -6.2% -1 vehicle -94.3% - -15.2% - 
         
 
 
Osaka 
 
 
 Similarly 
related 
problem 
VRPSTWSPD 
6350 
 
 
5871 
7 
 
 
6 
634 
 
 
6 
0 
 
 
33 
2143 
 
 
1596 
1149 
 
 
1230 
    Improvementa 
 
-7.5% -1 vehicle 
 
-99.1% - -25.5% - 
a It shows the reduction of the VRPSTWSPD results as compared to the results of similarly related problem 
 
Table 2 shows detailed solutions of the VRPSTWSPD and the similarly related problems performed on test 
instances. For column headings, the first two columns from the left represent instance name and the type of 
problem considered, respectively. Column "Cost" gives overall distribution costs in yen, while column "K" gives 
the number of delivery vehicles needed in the solution. The next three columns indicate, respectively, total early 
arrival times, total late arrival times, and total operating times (comprising travel times, waiting times, and service 
times) of all routes. The last column shows total travel costs in yen. 
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a)  
 
b)  
 
c)  
 
 
 
Fig. 6. Utilization of resources: a) total idling time of vehicles, b) average number of customers per vehicle, c) average residual capacity per 
vehicle 
The VRPSTWSPD was able to decrease the number of delivery vehicles. One vehicle was saved for both 
instances when the VRPSTWSPD was employed. Due to taking into account late penalty, a range of possible 
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service start times at each customer is expanded, the vehicle then has a chance to visit more customers on its route 
before returning to the depot. All customer requests are thus covered by fewer delivery vehicles. Reduction of the 
number of delivery vehicles leads to a decrease of overall costs, even if it results in an increase of total travel costs. 
This is owing to the saving of fixed vehicle costs, which are the main contribution to overall costs. About 6.2% (in 
the Tokyo case) and 7.5% (in the Osaka case) of overall costs were saved in the VRPSTWSPD. One might have 
remarked that the wider the hard time windows of customers are extended, the more the number of vehicles are 
saved. However, allowing too long waiting time and delayed time are always impractical so that the maximum 
limits of early arrival time and late arrival time at customer iC in the VRPSTWSPD are restrained by values of 
a'i and b'i.  
Another concern of taking into account late penalty in the VRPSTWSPD is that customer satisfaction would go 
down if late delivery arises. However, as maximum allowable late delivery at customer iC is also restrained by 
nei, violating a customer's hard time window due to late delivery is possible only within an acceptable range. The 
level of customer satisfaction is therefore still preserved. Besides, contribution of late penalty is only a small 
fraction to overall costs. In Tokyo for instance, late penalties were as much as 0.9% of overall costs (only four 
customers received late deliveries), while late penalties were only 2.8% of overall costs (only three customers 
received late deliveries) in Osaka. Note that such late penalties might cover inconvenience cost, loss of reliability, 
complaint, and discount in practice. 
As shown in Fig. 6, the underutilization of a firm's resources, known as waste-in-process, is alleviated in the 
VRPSTWSPD in comparison with similarly related problems. Taking into account early penalties, which would 
usually imply waiting cost, resource underutilized cost, and extra operational cost, it could dramatically decrease 
total idling (waiting) time of all vehicles. In the Tokyo road network, 448 minutes of waiting time were decreased 
(approximately 94.3% reduction) by the VRPSTWSPD. Similarly, when the VRPSTWSPD was employed in the 
Osaka road network, the total waiting time saved as many as 628 minutes (or 99.1%). In addition, extending hard 
time window constraints in the VRPSTWSPD gave higher number of customers visited per route. On average 
about 0.6 customer per route in the Tokyo instance and 0.6 customer per route in the Osaka instance were 
increased. Since more customers are visited per route, residual capacity of the vehicle is decreased, buton the other 
hand, the vehicle is better utilized. On average about 13.9 kg of residual capacity was reduced in the Tokyo case 
and 14.9 kg was reduced in the Osaka case. 
6. Conclusions 
This paper has demonstrated the application of the JIT concept implemented in urban freight transport. An 
illustrative implementation was made on a class of the distribution and routing systems of a convenience store 
chain. Particularly focusing on routing perspective, incorporating the JIT concept was done by extending time 
window constraints, and the underlying routing problem was then defined as the VRPSTWSPD, which has been 
known as a novel extension to the well-known VRP. Computational experiments were conducted on actual 
instances based on the Tokyo road network and Osaka road network. Obtained results indicated that the 
VRPSTWSPD was of particular characteristics, which could fully satisfy the objectives of the JIT concept. 
Employing the VRPSTWSPD could result efficiently in minimization of cost and waste-in-process as well as 
maintaining acceptable levels of satisfaction.   
Nevertheless, implementation of the JIT concept is extremely difficult. Mostly, it requires a long-term period. 
As well as routing perspective, some other aspects must also be taken into consideration including human resource 
management, facility management, material handling, quality management, technological innovation, data 
transmission, information linkage, and collaboration of suppliers. In reality, absence or ineffectiveness of any of 
them can cause a lack of success in the JIT implementation.  
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